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An investigatian of the effect of winetip mounted  tanka on the 
r o l l i n g  cmacteriatics of a wing, aepect  ratio 3 'with the q & e ~  ' 

chord line  swept  back 33O,  through the hhch  number  range f r a m  0.4 

by the free-roll method. 
- to 0.91 and in the angle-of-tbck  renge from Oo to 6.50 waa cmducted 

Tanks suspended b e k  the wing tips an Bweptf.orward pglans caused 
only a e m d l  increase Fn t h e  dampwln-roll. coeff l c i e n t  and did not 
affect  the  aileran  effectiveness.  tank^ mounted directly on the t i p  
caused an appreciable  increase in both the aileran  effectiveness and 
the dampinein-roll characteristics of the wkg. m e  fairing used fn 
the juncture between the tank and the win@; also had an appreciable 
effect on both the ailera effectiveness and the aRmpirlg-inqoll 
characteristics. 

For the  particular *ilercm cafiguration used fn thia i n v e e  
tigation,  the  effects of the various tank ccmfiw.aticme on the wine 
in+roll coefficient C and. the aileron-effectivenesa  parameter Ch 
were  such  as  to  produce m a l l  and almost identical  decreases in the 
r o l l t a g  pazameter (pb/2V)8. The vwiatian of the aFlmpin@n-roll 
pazameter G Witk Mach rider, near zero angle of attack, was similar 

but  somewhart  greater thar. that of the wing d o n e  f o r  a l l  canfigurations 
tested. 
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IDTBOIJUCTION 

. .. 

The increasing m e  of auxiliary fuel tanks  mounted  at  the wing 
tip6 of fighter  aircraft ha8 indicated  the  desirability  of  determining 
the effect  of  these tanks on the r o l l i n g  characteri~tics of the air- 
plane. Sogm eqerimental Wind"tunne1 work of this nature has been done 
on an unswept wing at low speds (reference l), but no experimental 
data  are  available to indicate  the  effect of compressibility on these 
characteriatics. 

The present  investigation was undertaken  to  determine the effect 
of tip tanks on the dampinpin-roll characteristics  of a sweptback Xing 
at  high mbsonic Mach nunibers. Two different t m k m u n t ~ g  arrangements 
were  investigated in the angle+f-attack  range from 0.3' tq 6.5O and in 
the Mach nmfber range from 0.40 to 0.91. The effecto  of  these  tank c m -  
figuratione on the general aerodynamic  chazacterietics are presented in 
reference 2. The dmirpinein-roll characteristics of thie uing without 
tanks  have  been  investigated previously and me presented in reference 3. 

COEFFIClENTS AND SPMBOIS  

The data have been  carpuked and presented w i t h  reference to the 
stability axis system. 

a speed o f  BO-, feet per eecand . .  

b wing span (3.093 Ft on model) 

S t  mean  aerodynamic  chord (M.A.C.) (1.05 ft on model) 

c wing chord, wallel l  to  plane  of Bymmetry 

CZ rollin&ymnent coefpicient ( R o l l i n g  moment /qSb )' 

c 
2P 

P rate of r o l l ,  radians  per s e o e  

I 
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v freerrtream velocifg, f ee t  per secand 

P mass density of air, sluge per cubic foot 

cr absolute  viscosity, pound"secands per square foot  

a angle of attack, degrees 

6 control-surface d6flecticm with reference to wing chord 
line pasa l le l  t o  plane of symmtrg, degrees 

Subscripts: 

&1 l e f t  aileron 

The m o d e l  used in this fnvestigatian W ~ E  a solid-steel  ewept wing 
of aspect r a t i o  3. The pertinent dimemione of the w5n.g with the  
pglon*spended t e e  mounted an meptforward pylon are shown in 
figure l(a). The centrally mounted t i p  tanks are shuwn mounted an the 
wing in f igu re   l (b ) .  The allerans were t r u e  cant&?,  canstant chord, 
sealed gap, plain f laps.  The ordfnates of the airfoil section or' the  
wing pay.allel t o  the plane of eyaezletry m e  given in table  I. 

The model i s  ahown mounted on the f r e e - t m o l l  sting Fn figure 2 - and a  schematic d r a w i n g  of the sting mangermwlt i s  sham in f igure 3. 
' The free-t&roU atin@; is designed so that t h e  nodel  can r o l l  freely 
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under the actian of i t a  awn ailerons. It can also be locked BO that 
the  rolling momenta produced by the ailerons can  be  meamred on the 
balance system. 

.. 

The rate of r o l l  is meawed e lec t r ica l ly  and recorded on a paper 
tape  over a n  extended  period of time BO as t o  minimize any error due 
t o  sli&t f l u c t u a t i m  in the r a t e  of r o l l .  

. " 

A more cnmplete deecr ipt im of the appmatua and testing technique 
i a  gfven in reference 3. 

The model m a  teated through a Mach number range framoabout 0.40 
t o  0.91 and for  several  aileron def lec t ims  fram 0' t o  9.4 . anly the 
lef t  a i l e r m  waa deflected; the righe aileran ramahed at zero  deflec- 
t i on  during a U  tests. All.confi@;urations  except the centrally mounted 
tanks withnut fairing were tested through an  a n g l m f d t t a c k  range 
from 0.3O t o  6.5O. &e excepted cmfiguration was tested at 0.3O angle 
of attack only. 

The varriation of t e s t  R e y n o l d ~  number with Mach rmnibera for average 
t e a t   c a d i t i a m  is presented in figure 4. 

D 

Y 

The tunnel-choking Mach number w i t h  this size model was estimated 
t o  be about 0.9 and the  data a r e  believed t o  be re l iab le  up t o  a 
corrected Mach number of abaut 0.9. 

. 
Corrections 

A amall tme correction  accounting for bearing  friction m a  d e t e p  
mined by' forced  rotatian of , the r-olling apparatus,  under  both ver t ica l  
and horizontal lo&, f o r  the range of angular velocitfes encountered 
in the. tests. This comect im haa  been applied  to the results in the 
form of an incrament of d a q l n ~ i n ~ o l l  coefficient equal t o  a value 

. ." .. . - 
of c = 0.005. 

.. 

zP 
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The roll- moment and Mach numbers ham bean corrected  for 
bloc- by the model and i ts  wake by the method of reference 4. The 
jet-boundazy effects  w e r e  estimated and found t o  be negligible. 
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Reductian of D a t a  

5. 

The coefficient of damping in ro l l  C i s  defined a8 f o l l m e :  
2P 

The results of the investigation axe gresented as foil-: 

Figure 

Basic  force data, C2 plotted against M: 
Pylon-suspended tanks . . . . . . . . . . . . . . . . . . . . . .  5 
Centrally mounted t i p  tanks (faired) . . . . . . . . . . . . .  6 
Cant r -  mounted t i p  tanks (without fairing) . . . . . . . . .  7 

Basic ro l lFng &ta, pb/2V plotted againat 14: 
Pylan-s~~~pended tanks.  . . . . . . . . . . . . . . . . . . . .  8 
Centrally mounted t i p  tanlrs (faired) . . . . . . . . . . . . . .  9 
Centrally mounted t i p  tanks (without fairing) . . . . . . . . .  10 

Sumnary data, C CZs, end ( ~ b / 2 v ) ~  plotteiL against M: 
2P 

Fylon-suspendeii tanks . . . . . . . . . . . . . . . . . . . . .  I1 
Centrally mounted t i p  tanks (fatred) . . . . . . . . . . . . .  12 
Comparieon of c a n f i ~ a t i o n s  . . . . . . . . . . . . . . . . .  13 

- 



Cnmpared t o  the w w o n e  &macteristics  (flg. 13) the gylon- 
suspended tanks had praotically no effect on the stat ic   a i lerm- 
effectiveness pmameter C and caused only a slight increase in the 

26 
da~.?~~*nl .ol l  parameter C . This eli&t  increase in the dampine 
in-roll  coefficient. C can probably  be attributed t o  the end-plate 

effect produced by the pylon which is swept forward frcrm about midchord 
of t he   t i p  and would therefore be expeoted t o  have more effect an C 

than on the aileron-effectivenem parameter . The variaticm in 

IP 
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the  rolling  characterirrtics with angle of attack  for t he  wing with the 

the  variatian of these parameters f o r  the wing alone (reference 3)  . pylon-8Uspended -8 attached  (fig. u) i S  nmR7f Very S i m i l a r  to 

The centrally mounted t i p  tanks produced appreciable  increases in 
both '2x6 and Czp (fig. 13). These effects are probably a lso  
attributable  to  the end-.plate ef'fact of the tank; howeTer, because t h e  
tank extenda &an@; the full, chord of the WFng t ip,  in thie cam it 
would be expected t o  affect both C and C This effect is greatly 

2, 28 

were affected almost as much by the additian of the fa i r& aa by the 
addition of the  tanks thawelves (fig.  13) . 

It is interesting t o  note that for  the p&iculm -ileran 
configuration  investigated the effects of the various  tank  mnfigu- 
rations on C and Cz8 were mch as t o  produce mall and -st 

identical decreases in the rolling parameter (pb/2T)s. 
2P 

The charaoterilstics of the centrally mounted t i p t a n k  configu- 
ration a m  more sensitive  to  angle-of-attack changes (fig.  12) than ' 

the pylm-suepanded configuration (fig. 1 1 1 ,  although within  the test 
range investigated, these effects are not of too great a magnitude. 

Within the range of these tests, the increase In C with Mach 

number for the  various tank configurations at 0.'3O angle of attack is 
similar but somewhat greater than the increase for. the wing alone 
( f ig .  13) .  The variation of C wlth Mach number f o r  these con- 

figurations is practicallg  negligible. . " 

2P 

28 
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Based on t e s t s  t o  determine the effect of several t i ~ a s k  con- 
figuratians tlll the rolling ch&racteristics of: a sweptback * at hi& 
subsonic  Ihch nunibere the follawing c ~ l u e i a n e  are indicated: 

2. !be cent- muntd.  t i p  tasks caueed a fairly large fncrease 
in the aileron-effectivenes8 parameter Ck and an even larger  increase 

in damping-ln-roll paremeter C &icularly at the higher &ch 

nmibers. 
2P’ 

3. The -tion of the fairing used between-the  centrally mounted 
t i p  tank and the wing was found t o  produce Increases In the aileron- 
effectiveness pazameter and the dmgln&n+coll parameter C 

as great as those caused by the additicm of the tank itself. 
c28 zP 

4. For t he  particular *ileran canfiguration used In this 
Snvestigation the effects af the  various  tank  canPiguratione on the 
dmqinein-oll .  prameter C and the  aileran-effectiveness 

parameter were such as t o  produce and almost IdanticaL 

decreases in the roll- pmameter .(pb/z~)~. 

2P 
c28 

5. Within the range of- these  tes ts ,  the increme in C with 

Mach nmber for the various tank c d i g u r a t i o m  at 0.30 angle of attack 
$8 similar but somewhat greater than the fncres,se for the uing a l a e .  
The variation of C with Mach numher for  these  configuratians l e  

practically  neaigible.  

2p 

28 

Langley Aeraaautical  hboratorg 
National Ad-visorg Camittee for Aeronautics 

Lsngley Air Force Base, Va. 
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(a) ' Fylon-suspePlded tank cdiguratim. 
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Figure 4.- Variation of test Reynolda nmber with Mach nunibera based on the mean aerdpmmlc 
chord of 1 .@ feet. 
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Figure 5 .- Variation wfXh Mach nmhr of the rolling-moment character- 
istics of the pylon-suepended tank configuration; Bar = oO. 
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o/ 
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Much number, M 

Figure 6.- Variation v i th  Mach nlrmber of the rolling-mament character- 
ist~ce of the c e n t r a y  mounted t i p - t e  configuration (fatred); 
8+ = Oo. . .  
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Figure 7.- Variation with Mach number of the r o U l n g - ~ t ,  chmacterlstics of t h e  centrally mounted 
tip-tank oanfiguraticm (without fairing); a = 0.3'; 8+ = 00. 

.. . . . .. . 
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Figure 8.- Effect of Mach number an the wing-tfp helix angle obtained 
with the pylon-suspended tank configuration; 6+ = 0'. 
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Figure 9.- Effect of  Mach nurmber on the wfng-tip helix angle obtained 
w i t h  the central- mounted t i p - t e  codiguraltIon (faire&); 6 = oO. ar 
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.002 

.OOf 

O 4  
A I l l  

3 .6 .7 .8 .9 io 
A-&ch ;umber, M 

Figure 12 .- V a r i a t i a n  w i th  Mach number of the parmeters CZP' C28' 

and ($)g at  several angles of attack f o r  %he centrally mounted 

tip-tank configuration (faired) . 
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( 3 )  a = 3.4O. 

mgure 13 .- contFnued. 
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- Cenfrafy mounted tip Pmks (faired) 
-.l - - Pylon-suspended funks 
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Mach number, M 

( c )  a = 6.5'. 

Figure 13  .- Concluded. 




